Striped catfish Shelf life Fish fillet Ice storage
A comparative study on the shelf life of whole fish and fillet of cultured striped catfish (Pangasianodon hypophthalmus) under ice storage condition was carried out by determining organoleptic and biochemical aspects in the month of September and October. It was found that shelf life of whole fish was 21 days where as fillet had slightly lower shelf life of 18 days. Value of pH changed from 7.07 to 6.97 after 24 days for whole fish and 6.88 for fillet after 21 days at the termination of experiment, pH remained to 6.5 for fillet after 18 days of ice storage. TVB-N value increased from an initial value of 1.68 mg/100g to 28.83 mg/100g in 21 days in whole fish and finally to rejection value of 35.89 mg/100g at the end of 24 days storage period. As for fillets TVB-N value was at acceptable level of 24.79 mg/100g until 18 days of storage at same condition. Myofibriller protein solubility gradually decreased with storage period for both whole fish and fillets. The results of this study indicated that in regard to organoleptic and biochemical aspects the shelf life of Thai-Pangas in ice stored condition is 21 days and 18 days for the whole fish and fillets, respectively. 
INTRUDUCTION
There has been a rising demand of chilled-stored striped catfish (Pangasianodon hypophthalmus, locally called Thai-Pangas) in Bangladesh and other parts of the world over the last decade. Its consumption has grown rapidly in Russia, Spain, France and other European countries and the United States. In Europe, the presence of Pangasianodon sp. is overwhelming and there is practically no fish shop without pangas fillets.
Thai-Pangas catfish is a low-priced fish in the common fish market. It is cultured due to its faster growth, ease of reproduction, adaptability to intensive culture, acceptability of low input sustainable feeds, resistance to impaired water quality, good taste, fewer bone content and widespread consumer acceptance (Ali et al., 2013; De Silva, 2011; ) .
After death Thai-Pangas is highly susceptible to spoilage from post-mortem autolysis and microbial growth. This accounts for use of appropriate storage method for preservation of its quality. There are several methods to preserve fresh fish; however, icing is a common method for short-term preservation. During icing or chilling storage of fish, chemical changes are known to take place. There are a number of factors that influence the quality of fish. Of which the most important one is the post-mortem changes that take place soon after death due to enzymatic action. The state of rigor in association with other biochemical changes influences the meat quality in fish and higher animals.
As such, there has been little or no study conducted in Bangladesh on the shelf life of this commercially important fish species. Although Hossain et al. (2005) studied some physiochemical changes in whole ThaiPangas muscle during ice storage condition, there are no reports on different changes in its fillets under different storage conditions. This study was, therefore, carried out to investigate the shelf life of whole fish and fillets of Thai-Pangas by determining organoleptic and biochemical changes under ice storage condition.
MATERIALS AND METHODS

Storage condition and fish sampling
Thirty ( 
Organoleptic assessment
Sensory evaluation was carried out according to the guidelines described by EC freshness grade for ice stored fish (Howgate and Whittle, 1992) .
Analytical methods
Measurement of muscle pH
During the determination time of rigor index 2 g of the ordinary muscle was dissected from the dorsal part of the sample and homogenized with 10 ml of distilled water in a blender. After adjusting the temperature, the electrode of the pH meter was put on the tube and the pH was measured by the pH meter (Model 250 pH/ISE).
TVB-N Value
TVB-N values were determined as described by Antonacopoulos and Vyncke (1989) .
Changes in the protein solubility
Myofibrils are a part of muscle protein. Myofibrillar protein solubility indicates the denaturation rate of protein.
Preparation of myofibrils
Myofibrils were prepared from ordinary muscles immediately after excision according to Perry and Grey (1956) with slight modification. The muscle was chopped by a meat grinder and chilled minced muscle (50 g) was homogenized for 1 min in 5 volumes of 39 mM borate buffer (pH 7.1) containing 25 mM KCl and 0.1 mM DTT. The homogenate was centrifuged for 15 min at 600×g. The precipitate obtained was again homogenized and centrifuged for 15 min at 600×g. The light colored upper layer of the precipitate consisting mainly of myofibril was recovered with small volume of 39 mM borate buffer (pH 7.1) containing 0.1 M KCl and 0.1 mM DTT. The suspension was centrifuged for 15 min to remove the supernatant. Myofibrils were diluted with 4 volume volumes of 39 mM borate buffer (pH 7.1) containing 0.1 M KCl and 0.1 mM DTT and coarse materials were removed by centrifugation at 400×g. The suspension was centrifuged for 15 min at 600×g to precipitate myofibril. After the precipitate was washed three times in the same way, myofibril were suspended with desired volume of 39 mM borate buffer (pH 7.1) containing 0.1 M KCl to make a concentration of 10-15 mg/ml.
Myofibrillar protein solubility
Two ml of myofibrillar suspensions (5mg/ml) were homogenized with 2 ml of 1M KCl plus 100mM phosphate buffer (pH 7.0) using a homogenizer. The homogenate was allowed to stand at refrigerated temperature (4°C) overnight. The suspension was centrifuged for 30min at 900×g in cold condition and the supernatant was collected. Protein concentration was determined by Biuret method (Gornall et al., 1949 ).
Statistical analysis
Data from different biochemical measurements were subjected to t-test (p<0.05). Statistical software package SPSS 10.1 (SPSS Inc, Chicago, IL, USA) was used to explore the statistical significance of the results obtained.
RESULTS AND DISCUSSION
Changes in organoleptic quality under ice storage condition
The quality of fishes was graded by using the score from 1-5. The score points less than 2 were considered as excellent. The points from 2 to less than 5 were judged as good or acceptable conditions, while 5 and above considered as bad or rejected. The changes in quality of chilled fish during storage were assessed by daily organoleptic examination. Table 1 showed the changes in organoleptic qualities of whole fish and fillets of Thai-Pangas during ice storage in an insulated box. On the basis of the scores the fishes were found in acceptable conditions for 21 days of ice storage before becoming inedible. Hossain et al. (2005) reported that shelf life of Thai-Pangas muscle was 20 days under storage at insulated box in ice which is also more or less similar with the findings of present study. Reza et al. (2009) reported that the quality changes of tropical fishes in ice takes place in 4 phases corresponding to periods of 0 to 3, 4 to 6, 7 to 9 and 10 to 13 days. Similarly in the present study, it was observed that very little change occurred in whole fish and fillets during 0 to 3 days and 3 to 6 days without loss of natural flavor and odor in Thai-Pangas. During this period whole fish and fillets had the characteristics of excellent quality. During the periods of 6 to 9 days, 9 to 12 days and 12 to 15 days, In case of whole fish there were little deterioration apart from slight loss of natural flavor and odour, and partial loss of bloom. At this stage there was little loss of the characteristic odour and the flesh was neutral but had no off-flavour. Fillets showed the early spoilage with sour flavour during 12 to 15 days of storage whereas in case of whole fish, the early signs of spoilage was observed during 15-18 days of storage. At the beginning of this phase the flavor in whole fish and fillet was slightly sour, sickly sweet, fruity of like dried fish, which was judged as acceptable quality. The taste began to stale, as well as the appearance and texture began to show the obvious signs of spoilage for fillet under acceptable condition during the period of 15-18 days. On the other hand the taste, texture and appearance of whole fish showed the evidence of primary spoilage including the gills and the belly cavity had an unpleasant smell in the limit of acceptance during 18 to 21 days. The fillet became putrid by all of the characteristics and hence rejected during day 18 to 21 days, whereas the whole fish became rejected during 21 to 24 days for the same reason.
In the present study, iced stored Thai-Pangas was found to be acceptable up to 21 days and the fillets were acceptable up to 18 days indicating significantly lower (p<0.05) shelf life of fillets than whole fish from organoleptic point of view. While fish from the tropics had significantly higher storage life under ice compared to those from the temperate region, higher shelf life of fish fillet was obtained for Thai-Pangas when compared to fillet of cold water fishes (Onibi et 
Changes in pH value
Changes in muscle pH of ice stored whole fish and fillets are shown in (Fig.1) . The pH of fish muscle immediately after death was around 7.07. After 6 days of storage in ice, the pH decreased gradually to 6.11 in case of whole fish and 6.15 in case of fillets. After 9 days of ice storage pH increased gradually due to formation of basic compounds and finally reached up to 6.97 after 24 days and 6.88 after 21 days for fillets when the whole fish and fillet were organoleptically unacceptable. The correlation between pH and organoleptic scores in this study suggests that pH can be used as a reliable index of quality. Low muscle pH of the post-mortem fish muscle is associated with the quality changes in fish (Konagaya and Konagaya, 1979 
Changes in TVB-N value
The amount of TVB-N in fish increases as spoilage progresses. Increase in TVB-N with the lapse of storage may be attributed to bacterial spoilage. The results of the TVB-N (mg/100g) of experimental whole fish and fillets have been presented in Fig. 2 . The initial TVB-N values were 1.68 mg/100g in Thai-Pangas, which gradually increased with lapse of storage period. At the end of 21 days of ice storage TVB-N value of whole fish increased to 28.83 mg/100g whereas the TVB-N value of fillets increased to 24.79 mg/100g at the end of 18 days of storage. These values are within the range of recommended values of 25 to 30 mg/100g for fresh fish (Connell, 1980) . However, at the end of 24 days of ice storage the TVB-N value of whole fish was 35.89 mg/100g and at the end of 21 days of ice storage the TVB-N Value of fillet was jumped to 32.45 mg/100g due to combined action of enzymes and microbial activity and thereby exceeded the acceptable limit. It has been reported that TVB-N value mainly increased in the fish flesh during the later phase of spoilage when the bacterial population increased (Mazorra-Manzano et al., 2000). TVB-N values showed a slight increase for whole ungutted sea bass during storage, reaching a value of 26.77 mg N per 100 g muscle (day 13), whereas for fish fillet corresponding value of 26.88 mg N per 100 g muscle was recorded (day 9) (Taliadourou et al., 2003). Thus TVB-N value is low during the edible storage period and increased amount of TVB-N are found near the rejection state of fish.
Changes in protein solubility
Changes in protein solubility of whole fish and fillets of Thai-Pangas during ice storage have been presented in Fig. 3 . Solubility of myofibrillar protein immediately after death was 88.21%, which decreased gradually to 35.27% in case of whole fish at the end of 24 days of storage whereas at the end of 21 days of storage the solubility of myofibrillar proteins from fillet was 28.12%. The solubility of carp myofibrils decreased from 95% to 20% during ice storage within 2-3 weeks (Seki et al. 1979 ). Similar findings were also reported for for mrigal (Cirrhina mrigala) (Hossain, 1995) and ruhu (Labeo rohita) (Faruk, 1995) . According to Seki et al. (1980) the fall in solubility during ice storage was due to lowering of pH. The loss in myofibril solubility of milkfish during storage was due to aggregate formation by disulfide, hydrogen and hydrophobic bonds (Jiang et al., 1988) . The solubility in muscle protein of croaker, lizardfish, threadfin bream and big-eye snapper decreased continuously during prolonged storage. The results obtained from the present study indicated that the decrease in solubility of pangas muscle might be due to aggregation as well as denaturation of muscle protein during ice storage.
CONCLUSION
Cultured Thai-Pangas fillet samples showed a significantly shorter shelf life (18 days) compared to its counterpart whole fish (21 days) samples in ice storage condition. Fillets were found to be more prone to oxidation than the counterpart whole fish species, because of a greater expouser of the fish muscle in fillets to oxygen. If longer shelf-life times are commercially required for fillets, protective treatments such as vacuum packaging, modified atmosphere packaging and natural antioxidant application are recommended. Improvements in the shelf life of a product can have important economic impact by reducing losses attributed to spoilage and by allowing the products to reach distant new markets and in this fashion very helpful to prepare value added products.
